This article uses ethnographic research on knowledge transfer among systems engineers to suggest a set of common interests in two very distinct disciplines: engineering design and applied anthropology (by extension science and technology studies). The research explored ongoing efforts to implement a standardized product development process in the systems engineering group (SEG) at a research engineering company (REC). These efforts extend quality improvement initiatives from the manufacturing to the office environment and are quite common in contemporary industry. This article suggests that because a fundamental aspect of the office environment is information, implementing this design process can benefit from considering the cultural domains (shared patterns of beliefs and behavior) in which engineers, creators of that information, participate.
The first section discusses the historical background for the standardized processes at REC. These processes are promoting extensive documentation and use of written resources for design decisions. Changing a set of tools, a valid concern for engineering design, implicitly requires altered behavior patterns of the users, a valid concern for anthropology. The second section discusses emerging anthropological theories of technology practice, in which the SEG employees are active participants. By emphasizing the ambivalence of technology, it is suggested that social scientists consider how values are embedded in technology design rather than technology use. The third section uses the actual research that was conducted to demonstrate the validity of ethnographic research in the contemporary engineering industry. Based on the research results, several suggestions are made for quality improvement and employee training curricula. Finally, the fourth section discusses opportunities to shape emerging technology practice based on interdisciplinary interaction during product design.
Quality Initiatives in Engineering Design
The concept of product quality has grown increasingly important in U.S. industry over the past 20 years. Prior to the early 1980s, many corporations developed products with histories of defects following the trend in Figure 1 . A large number of defects would be dis-covered during the early life, or rework period; the product would be generally defect free during its useful life; and this would be followed by an increasing number of defects as the product approached the end of its life. This trend contributed to low overall product reliability ratings, low customer satisfaction, and high life cycle cost due to expenses associated with identifying and repairing defects.
Product quality is typically measured in terms of sigma: the number of defective parts per million manufactured. The lower the number of defective parts per million manufactured, the higher the sigma rating. By focusing quality improvement efforts on the manufacturing phase, companies were able to reduce the number of defects to about 30,000 per million, or 3.5 sigma. Improving beyond this level requires sophisticated machinery and is generally not cost effective (see Figure 2) . Companies therefore turned their efforts to improvements during product design. Common contemporary practices such as quality functional deployment, integrated product development, design for manufacturing, and design for assembly were developed based on this emphasis of quality through design. Nichols (1992a) summarized this new philosophy by stating that "a superior product will provide an advantage over the life of a product. But a superior development process will provide a constant stream of advantages" (p. 221).
One important aspect of these initiatives is that they require behavior change from their participants. Integrated product development teams require a collaborative participation between people who previously interacted in a relay race that passed the product from design to manufacturing to marketing with little communication between the disciplines. Similarly, design for manufacturing and design for assembly create the need for interaction between people who previously used a different model of operation. Quality functional deployment does the same thing by changing the nature of the interaction between a company and its customers and by encouraging the company to actively evaluate its own practices against those of its competitors.
The common theme for addressing this need for changed behavior (and the possibility of resistance) emphasizes management incentives and leadership. Hjort, Hananel, and Lucas (1991) stated that "management needs to understand the process, and then through actions, show commitment" (pp. 19-20) . Velocci (1998a) suggested that "quantum improvements take place only if the CEO is personally involved and management incentives are put in place" (p. 56). Moreover, the success of the initiative depends on identifying and involving employees who "are sensitive to customer issues and share management's enthusiasm for what's achievable" (Velocci, 1998b, p. 53) . Figure 3 shows the increased emphasis on human behavior in quality initiatives over the past 20 years. At the far left, defining hardware characteristics requires some level of human effort, but the tasks are performed with a degree of automation. The items to the right in Figure 3 demonstrate an increased emphasis on managing quality through processes in which people are active participants. A number of knowledge management tools have been developed and introduced to sup- port decision-making processes with intellectual property database information and knowledge. Meakin and Wilkinson (2002) developed a "learn from experience" (LfE) model that emphasizes the oral tradition of knowledge transfer. By capturing many of the stories in which people seek out and share wisdom from shared domains of interest, LfE attempts to assess and improve product development early in the cycle before repetitive tasks are available to identify and manage. The LfE model shifts the quality improvement emphasis from mechanical elements to identifying and maintaining experienced people. This is consistent with Carver and Kemp (2002) , who pointed out that management of multicompany programs (i.e., warships or airplanes) is dependent on goal-and knowledge-based processes in which large numbers of people participate.
Anthropological Perspectives on Technology Practice
These issues, currently being raised by practitioners of systems engineering, demonstrate the importance of understanding the role of human participants in engineering design. This overlaps with emerging discussions in archaeological and cultural anthropological theory. From archaeology, Ridington (1999, pp. 180-183 ) made a distinction between information (know about) and knowledge (know-how). Technology practice takes place through the exercise of knowledge, not information. Successful hunting is thus based on effectively exercising a series of relationships rather than possession of material goods. In discussing the performative nature of technology, Hoffman and Dobres (1999, p. 218) suggested that technology practice provides a context in which acts of resistance, contestation, and change may take root. Anthropological theory also disputes two implicit assumptions often implemented in the quality initiatives previously discussed. First, it questions contemporary methods for improving office quality. The classical approach, following Taylor (1911) , assumes that office tasks take place as a series of procedural, repetitive steps (see also Tenner, 1991) . Based on ethnographic research, Suchman (1984) suggested that workers organize information to produce the desired output for a set of steps but that they may not use the steps themselves to get there. Second, it questions the assumption that the most effective way to implement organizational change is through strong management activity. Wright (1994) suggested that "in place of the modernist paradigm of organizations as rational and replete with objective facts . . . anthropological studies of culture [offer] a more interpretive approach through which to understand organizations as sites for constructing meaning" (p. 3).
Technology is not just a set of tools but rather "an infrastructure of artifacts placed between people, a medium . . . which both enhances and constrains how they interact. . . . In this sense, design of a technological system with which people interact is design of human behavior" (Sheridan, 1989, p. 90) . Consequently, design of technology is, in part, design of human behavior. Adopting this approach to technology means that it is not neutral but rather is ambivalent and that "this 'ambivalence' of technology is distinguished from neutrality by the role it attributes to social values in the design, and not merely the use, of technical systems" (Feenberg, 1991, p. 14) .
Viewing technology as ambivalent, and emphasizing the incorporation of values in the design phase, departs from two common themes that both focus on technology use. The substantivist perspective views complex technology as an autonomous cultural force that overrides competing values. Because adopting new technology requires replacing existing values with technological ones, development of industrial society should be viewed with a great deal of caution (Feenberg, 1991, p. 7) . Schumacher (1973) (Eckaus, 1987) . Although there is a cost-benefit tradeoff for each event of technology transfer, it is assumed that "what works in one society can be expected to work just as well in another" (Feenberg, 1991, p. 6) . Both the instrumentalist and substantivist perspectives view technology as an ontologically distinct (that is, independently existent) aspect of society. In either case, the issue at stake is not how to transform technology but how to bound and react to it. By contrast, ambivalence means that technology is not ontologically distinct but that it is created and maintained in the context of social practice. Understanding technology practice as social experimentation, that is, an experiment on a societal scale, "places the focus where it should be: on the human beings affected by technology; for the experiment is performed on persons, not on inanimate objects" (Martin & Schinzinger, 1996, p. 84 ). The power of technology then becomes the power "exerted by some men over other men with Nature as its instrument" (Pacey, 2000, p. 12) .
The interactive nature of technology practice can be visualized by three spheres. The technological aspect deals with the instruments and techniques of use by which man adapts to his natural habitat. The sociological aspect deals with the interpersonal relations expressed in individual and collective patterns of behavior. The ideological aspect deals with ideas, beliefs, and knowledge expressed in speech or other symbolic form (White, 1949, p. 364) . Wolf (1997) and Harris (1966) used the mode of production as theoretical construct to examine how groups of people organize the sociological and ideological aspects of society around the technological challenges of providing for their survival. There is a twofold relationship between the technological, sociological, and ideological aspects of any society. First, the sociological and ideological situations cause inventions, discoveries, and their uses by society. Second, there are the effects of the use of these inventions and discoveries on society (Allen, Hart, Miller, Ogburn, & Nimkoff, 1957, p. 9) .
This interactive viewpoint departs from approaches that view technological change and adaptation as a search for improved efficiency. In the latter case, human society is a figurative pyramid with the base level formed by technology, the second level formed by social relations, and the third level formed by ideology (White, 1949) . The sociological and ideological structures change as functions of ongoing adaptations to technological change. This approach to technology is revisionist in that it does not explain why a particular invention was successful, what problems it was designed to solve, or what competing tools it outperformed. Pacey (2000) and Marx (1987) have criticized this pyramidal approach based on its inaccurate simplicity and false implications of smooth, dependable, increased efficiency in the future (see Cowan, 1997 , for an example of this approach to the history of technology). Wolf (1997) also criticized revisionist approaches to history that neglect existing webs of relationships that influenced significant events when they occurred. Using the twofold relationship discussed here, it is possible to attribute causality to technology when considering issues of social change without the reductionism that views it as a constant, independent variable.
Research Description: Common Cultural Domains for Systems Engineers
The history of quality initiatives in engineering companies, discussed in the first section, identifies the importance of understanding the people who participate in these companies. Understanding technology practice as social in nature, discussed in the second section, identifies the need for social scientists to actively evaluate processes of technology design. These two strands of thought form the theoretical basis for the fieldwork in the SEG at the REC.
The REC is a supplier to the power industry and a subsidiary of a multinational large umbrella corporation (LUC) that has a domestic and international presence in several industries. The REC is attempting to implement a standardized, methodological approach to their design process. This will align REC with practices at its partner companies at LUC, and there is a feeling that it will help REC move from experimentalto production-level quality in their products. In the past 5 years, REC has significantly increased the number of projects and expanded their product line. There are two important facets of this expansion that distinguish REC from the partner companies in LUC and pose challenges to the implementation of a standardized design process. First, the expansion resulted in significant growth of employees. The overall engineering organization at REC grew from 75 in 1997 to more than 300 in 2002. The SEG grew from 10 to 50 during this period, changing the ratio of experienced to Collins / SYSTEMS ENGINEERING ORGANIZATION 249 inexperienced engineers (experienced defined as more than 5 years) from approximately 80:20 to 15:85. Second, the expansion created the need to apply relatively new technology to new applications. Although the core product has not changed, REC now uses technology that is only 3 or 4 years old. As a result, many system configurations are developed and deployed with little previous experience to provide guidelines.
Prior to the changes in the past 5 years, knowledge transfer for new SEG engineers occurred through intensive periods of one-on-one interaction with an older engineer with several years' experience working in SEG. In this sense, SEG, and REC as a whole, was a social system that transmitted knowledge based on oral tradition. Products were often designed using "engineering common sense" based on word-ofmouth information and experience with previous programs. The recent changes pose an interesting challenge: how to document a formal design process given the realities of relatively new core technology and a large ratio of inexperienced to experienced engineers. Returning to the idea of improved quality through design from Figure 2 , REC will improve the quality of their products to the degree that they equip their employees to participate in the design process. This makes the practice of knowledge transfer to new employees extremely important.
To examine knowledge transfer within SEG, informal interviews were conducted with SEG members who had a broad range of experience (more than 10 years in SEG, 5 to 10 years, and less than 5 years). There is a shared cultural domain within the organizational group called systems engineering at REC. Participation in this domain will be a function of academic training, years of work experience, and training and work experience in REC's core technology.
The structured interview schedule summarized in Table 1 was developed based on the informal interviews. The first section of the schedule asked informants about questions that they have during the day, where they go to get answers to those questions, things that hinder their ability to find or create information (resource "frustrators"), and what activities would be valuable for a new engineer in SEG during his or her 1st week. It also contained a matrix that asked informants to identify the types of resources they would use to answer each question.
The second section attempted to quantify two themes. First, it attempted to identify models of universal knowledge and localized knowledge (necessary knowledge for someone, not everyone, to have) within SEG. Second, it attempted to measure the conformity to these models, if they existed. In other words, how well do people feel that they measure up to the shared understanding of what systems engineers need to know? Two sets of questions were used to explore the models of SEG knowledge. The first was a list of 14 "domains of expertise" based on the informal interviews. These domains are bodies of knowledge from which SEG informants may draw information to complete a given set of tasks (i.e., thermodynamics or heat transfer). Three questions were asked for each domain. First, is this something in which EVERYONE in SEG needs to be competent (universal expertise)? Second, is this something in which SOMEONE in SEG needs to be competent (local expertise)? Third, is this something in which you PERSONALLY are competent (personal expertise)?
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The second set of questions used a list of 41 tasks recorded several years ago to document activities that SEG members complete during a typical product development program. These tasks are now part of the formal REC engineering design process. Informants were asked four questions about each task. First, is this something EVERYONE in SEG needs to know how to do (universal knowledge)? Second, is this something SOMEONE in SEG needs to know how to do (local knowledge)? Third, can you IDENTIFY the steps required to complete this item (task identification)? Fourth, can you COMPLETE the steps for each task (task completion)?
In addition to the questions, the interview schedule contained life experience variables that could affect informant responses to each set of questions. Informants were asked to identify their gender, their academic training, their years of experience with SEG, their years of work experience prior to hiring into SEG, the current areas where they work within SEG, the number of development programs in which they have participated, whether they had academic training in the REC product prior to working with SEG, whether they had previous work experience with the REC product, and whether they had served as a mentor for new SEG engineers within the past 5 years.
Data Analysis
The issue at stake is whether the informants process common sensory inputs in ways that produce shared mental constructs of how the world works. If so, did the items in the interview schedule accurately measure these constructs? If informants had a common model of what systems engineers do, there should be similar responses to each item that measures this model. There were three steps to this analysis: determining the validity of a set of scale measurements based on average informant responses (determining construct validity), using principal component analysis (PCA) to determine if informant responses converge on a common underlying variable (evaluating the existence of cultural domains), and using regression testing to evaluate the impact of life experience variables on the PCA results. For analytical purposes, a matrix was created with each informant in a separate column and each questionnaire item in a separate row. The combined responses were divided into several distinct categories: questions; resources; frustrators; Week 1 activities; universal knowledge; local knowledge; task identification; task completion; universal expertise, local expertise, personal expertise; and question by resource matrix.
Construct validity (Campbell, 1970) refers to the degree of agreement between a set of observations and the proposed construct those observations claim to measure (models of SEG knowledge). The construct validity of a set of measurements can be assessed using binary data of informant responses. For an individual scale item, the mean of the informant responses describes the percentage of informants who used that item to respond to a particular construct. For a set of binary items, the mean value for each item will vary from 0 to 1. As a basic guideline, items below 0.4 do not measure the construct, items above 0.6 do measure the construct, and items between 0.4 and 0.6 are inconclusive. Inconclusive items were removed from the database prior to conducting numerical analysis. PCA tests the hypothesis that a set of scale items provides a set of imperfect measurements of one unseen, underlying variable (Rummel, 1970) . It builds a set of factors that identify the intersection of observed similarities among measured variables. If a construct is valid, that is if the set of scale items is measuring a common underlying variable, the first factor should account for most of the observed variation. PCA testing evaluated the first null hypothesis that there exists a shared cultural domain within the organizational group called systems engineering at REC.
In evaluating measured data, there are two possible conclusions (Bernard, 2002) . Either the proposed relationship truly exists (H 1 , the test hypothesis), or it exists by chance (H 0 , the null hypothesis). Regression testing rigorously evaluates the collected data to avoid two key types of errors in evaluating the hypotheses.
Collins / SYSTEMS ENGINEERING ORGANIZATION 251
Type I errors reject the null hypothesis when it is true and consequently report relationships that do not exist. Type II errors accept the null hypothesis when it is false and consequently do not report relationships that really exist. Ordinary least squares regression evaluates the magnitude shift in a dependent variable, y, for a magnitude shift in an independent variable, x i . Logarithmic regression evaluates the likelihood of y given the existence of x i . Regression testing evaluated the second null hypothesis that participation in the proposed domain was a function of academic training, years of work experience, and previous training or work experience in REC's core technology. Table 2 shows the results of the PCA conducted for each element of the interview schedule. With the exception of the local task knowledge, the five conditions for a single culture (Handwerker, 2001, p. 195) are satisfied. Factor 1 (F1) accounts for more than 50% of the measured variance, the ratio of F1 to F2 is greater than 3, the difference between F1 and F2 (F1 -F2) is much greater than the difference between F2 and F3 (F2 -F3), the F1 loadings are greater than 0.5, and the majority of the F2 values are less than ±0.5. This demonstrates the existence of shared cultural domains that the members of the SEG organization participate in. The common response patterns around one shared domain (high F1 loadings), with a degree of intracultural variation defined by the F2 values between -0.5 and +0.5.
Data Results

Recommendations
Based on these results, it is possible to validate the first hypothesis. However, the regression testing produced no statistically significant results. Consequently, it is not possible to validate the second hypothesis. There is a set of shared cultural domains in which the SEG informants participate, but that participation is not a strong function of the demographic variables listed in the interview schedule.
As part of implementing the standardized product development process, each department at REC (including SEG) is required to develop a training curriculum and identify areas for process improvement. The results of this research contribute to both of these tasks by providing the following suggestions:
Process improvement. The PCA tests identified five resources informants use on a regular basis, three items that are resource frustrators, and six questions that informants have on a regular basis. Part of the process improvement could involve identifying ways to provide access to the information for each of these questions.
New employee orientation. The PCA tests identified 3 universal domains of expertise and 11 tasks that qualify as universal knowledge-everyone in SEG needs to know how to do this. One recommendation would be to incorporate these items into the new employee orientation material, in the form of either training sessions or written references. Current employee training. The PCA tests identified 2 local domains of expertise, 6 personal domains of expertise, and 11 items that one group of SEG informants believed qualify as local knowledge-someone in SEG needs to know how to do this. Training in these local expertise and knowledge items could form the core of ongoing career development activities for SEG informants.
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Future Interaction for Anthropology and Engineering
Historically, evaluations of product use or people in the workplace emphasized psychological and cognitive factors. Applied anthropology, using the concept of ethnographic research, emphasizes situations of socially constructed meaning. By contextualizing artifacts and practices, ethnography shifts the question from "What do people say they would do?" to "What do people really do" (Wasson, 2000, p. 378) ? Although anthropologists have conducted studies of individual groups within organizations (McCurdy, 1994) , these analyses have not evaluated the "regimes of rationality" that create the relationships within which these groups exist (Batteau, 2000) . Evaluating training programs at companies like REC provides opportunities for anthropological insights that contribute to very valid informant concerns (i.e., "What exactly is it that I'm supposed to do in this job, and how do I go about learning it?"). Whereas previous anthropological and organizational studies have defined culture as either a checklist of characteristics or a set of shared externally defined meanings, ethnography allows researchers to ask, "What (if any) meaning is shared?" "To what extent?" "By whom?" "Why?"
One ethical concern business anthropologists are beginning to discuss has to do with defining their customer (Jordan, 2003) . Is the customer the person or organization funding the research? Is it the informants who are studied during the research? Is it other people with whom the anthropologist comes in contact? Is it people who may be affected by the results of the research? These issues make it crucial for business anthropologists to critically evaluate potential research topics before accepting positions with a program. Many of these questions are also being discussed in engineering circles. Catastrophes at places like Chernobyl, Three Mile Island, and Bhopal, India, provide visible demonstrations that the impacts of particular technological artifacts often extend beyond the original uses or users the designers had in mind (a less severe example of this comes from a recent court case in which a lawnmower owner sued the manufacturer after being injured when trying to trim his hedge with the mower). This is one of the reasons the Accreditation Board for Engineering and Technology code of ethics states that "engineers shall hold paramount the safety of the public" (Martin & Schinzinger, 1996; and see McNabb, 1995 , for a discussion of methods for informant protection in anthropology).
It is one thing to acknowledge that there are multiple interacting value systems relating to a technological product or industry, as Pacey (2000) and Papanek (1973) advocated. It is another thing altogether to identify the particular systems, much less define their embedded values. What exactly do the user, designers, builder, and innocent bystander want, and how does what they want fit with how they really live their lives? These are the types of questions that anthropology is well equipped to explore, and the answers would be of great interest to members of the engineering community who are creating the technology in question.
In discussing the dialogue over paper mill development, Di Norcia (2002) suggested that much of the tension in the dialogue between environmentalists and the paper industry comes because each party draws on knowledge unfamiliar to the other. However, he did not discuss methods to navigate and negotiate these different types of knowledge to find solutions to shared problems. As an alternative, Doukas, Sappakitkamjor, and Kildea (2002) used a mathematical tool to evaluate decision making for a water-treatment facility design. Using fuzzy optimization methods, they suggested it is possible to identify an optimal solution that compromises between the goals of the pollution control department (minimize waste load to maximize water quality) and the plant owners (maximize discharge quantity). This approach is extremely dependent on accurate membership functions, which assess the satisfaction levels of each party involved in the decisionmaking process. Successful implementation requires that the system designer understand the objectives and aspirations of each party involved. Using ethnographic methods to identify, contextualize, and explain multiple cultural domains has much to offer in situations like this.
Many of the industrial anthropology studies from the first half of the 1900s have been invalidated because their conclusions were shown to be as much a function of the presence of the researchers as of any real variables in the informants' lives. With recent additions to the ethnographic tool kit (Handwerker, 2001) , and the increased understanding of how to establish types of validity, it may be possible for applied anthropologists to reenter these studies. The work with the SEG informants has shown that it can be done. Ullman (1992) described engineering design as "a problem-solving process that transforms an ill-defined problem into a final product" (p. 15). Embedded in the idea of solving a particular problem is the idea of expected performance and operational principles (Kingery, 2001) . Much of the focus of quality improvement philosophy has been on understanding what performance needs to be improved and what constitutes valid operational expectations that can be turned into definable requirements. The success of these programs has occurred because participants in the engineering community have changed their relational patterns, both in their interactions with other engineers and in their interactions with their customers. Although this is consistent with the idea of technology practice as performative, this performative aspect is often misunderstood or neglected. Quality improvement becomes a way for one group to exercise power over another group by defining what they need to know (Darrah, 1995) , or it is resisted by individuals who are unwilling to accept changes in their power structure (Connors & Romberg, 1991) . If quality initiatives are to be successful in the office environment, it makes sense that their ability to provide good designs will depend on how well the initiatives themselves are designed. This article suggests that good design will occur at the point of interaction between the disciplines of engineering and anthropology.
Conclusions
Moreover, design is not only important to the engineering field. Because design is where human values are embedded into technological products, then design is largely responsible for the behavior patterns in which technology practice is performed. Consequently, social scientists concerned about the relevance and application of modern technology should be deeply concerned about how it is being designed. "There are choices to be made about the social and cultural aspects of new and evolving forms of technologypractice, about the institutions which manage technology, and about how the new techniques are applied in the user sphere" (Pacey, 2000, p. 178) . If the shape of technology is to change in the future, it will change to the degree that multiple disciplines interact in the choices made during the design stage rather than waiting to discuss how existing products should or should not be used.
